Neurological diseases are common in inflammatory bowel disease (IBD) patients, but their exact prevalence is unknown. Method: We prospectively evaluated the presence of neurological disorders in 121 patients with IBD [51 with Crohn's disease (CD) and 70 with ulcerative colitis (UC)] and 50 controls (gastritis and dyspepsia) over 3 years. Results: Our standard neurological evaluation (that included electrodiagnostic testing) revealed that CD patients were 7.4 times more likely to develop large-fiber neuropathy than controls (p = 0.045), 7.1 times more likely to develop any type of neuromuscular condition (p = 0.001) and 5.1 times more likely to develop autonomic complaints (p = 0.027). UC patients were 5 times more likely to develop large-fiber neuropathy (p = 0.027) and 3.1 times more likely to develop any type of neuromuscular condition (p = 0.015). Conclusion: In summary, this is the first study to prospectively establish that both CD and UC patients are more prone to neuromuscular diseases than patients with gastritis and dyspepsia.
A wide variety of neurological diseases has been reported in patients with inflammatory bowel disease (IBD). They may be part of the spectrum of extraintestinal manifestations of Chron's disease (CD) and ulcerative colitis (UC) or secondary to nutritional or treatment/iatrogenic complications 1 . The list of the most common neurological diseases in IBD patients include migraine, peripheral neuropathy, restless leg syndrome, demyelinating central nervous system disease and cerebrovascular disease 2, 3, 4, 5 . However, there are conflicting reports about the exact prevalence of those neurological conditions due to variable inclusion and disease-definition criteria employed by different retrospective series 5, 6, 7, 8, 9, 10, 11, 12 . On 2004, we started a prospective cohort study to evaluate the exact prevalence of the neurological complications in IBD patients and subsequently published the initial results about the peripheral nervous system involvement 13 . Here, we will report the results of the initial 3 years following the establishment of the cohort (2004) (2005) (2006) (2007) (2008) , comparing the prevalence of neurological diseases among patients with CD and UC to that of disease-controls (gastritis and dyspepsia). Part of this work has been published in abstract form elsewhere 14 .
METHODS
We prospectively studied the prevalence of common neurological disorders in consecutive patients with CD and UC seen at the outpatient IBD Clinic from the Universidade Federal do Ceará. For this paper, we employed the methodology of a nested case-control study, a relatively new observational design whereby a case-control approach is employed within an established cohort. The nested case-control design has the advantage of allowing for statistically efficient analysis of data from an existing ongoing cohort with substantial savings in cost and time. The diagnosis of CD and UC was made by experienced gastroenterologists and was based on widely accepted diagnostic criteria, combining clinical, endoscopic, radiological and pathological criteria 13 .
Standard protocol approvals, registrations, and patient consents
After approval by the Institutional Review Board from the Universidade Federal do Ceará, all patients with IBD who attended this outpatient clinic from 12/2004 to 7/2008 were invited to participate. Four patients (1 with CD and 3 with UC) either refused to participate or discontinued subsequent follow-up. A total of 121 patients were enrolled and accepted to be part of the study after signing a written informed consent and subsequently completed the neurological evaluation and follow-up. We have also evaluated the presence of the same neurological conditions in a group of 50 patients with gastritis/dyspepsia (disease-control group) to quantify and compare the risk of developping neurological diseases in CD and UC patients (including autonomic complaints), although this group did not have systematic checking of several blood tests conducted since conditions such as vitamin B12 deficiency are not common in this group.
Our protocol of neurological evaluation has been previously published 13 . Briefly, it consisted in a standard neurological interview conducted by 2 board certified neurologists (both certified by the American Board of Psychiatry and Neurology as well as the Brazilian Neurology Board) with the help from medical students trained to conduct medical records review and simple tests such as drawing of Archimedes spirals 15 . This was followed by neurological exam, that included vibration assessment by Rydel-Seiffer tuning fork, manual testing of major muscle groups (including intrinsic hand muscles) and functional assessment (e.g. ability to arise from a seated position without using the arms).
Headache assessment was a separate part of the protocol and will not be discussed in the present publication. Their medical charts were reviewed and a standard electrodiagnostic testing was performed based on their clinical complaints 13 . Patients with normal electrodiagnostic testing but with sensory complaints not consistent with myelopathy or ganglionopathy were considered to be affected by small fiber neuropathy 13 . Additional neurological work-up, including neuroimaging, electroencephalogram, visual and somatosensory evoked potentials was performed based on the findings of our initial neurological evaluation 13 .
Statistical analysis
Descriptive statistics, Chi-square test, Mann-Whitney (if failed normality test), ANOVA followed by StudentNewman Keuls test ( for comparison of multiple groups) and t-test were used to compare the differences among the different groups. To compare and quantify the risk of the presence of the different neurological manifestations among CD and UC patients, we calculated the odds ratio (OR) for developing the most common neurological manifestations, with their respective confidence intervals and levels of significance (p was considered to be significant if less than 0.05).
RESULTS
A total number of 121 IBD patients, 70 with UC and 51 with CD were enrolled and completed the neurological evaluation. In addition, 50 control patients (gastritis/dyspepsia) underwent complete neurological evaluation. Three patients died during the observational period (1 with CD and 2 with UC), one due to a car accident and 2 due to unknown reasons. Table 1 depicts the main demographic parameters of the 3 groups. Patients with CD were younger than UC and control patients (p , 0.05). A nonsignificant trend for higher proportion of women was seen on both UC and control groups. As expected, CD patients had lower levels of vitamin B12 and were more likely to develop B12 deficiency or borderline B12 levels. A higher proportion of CD patients had thyroid disease, but rates of DM and glucose intolerance (considering even transient abnormalities due to prednisone administration) were similar in both groups. Table 2 details the OR analysis of the different neurological conditions in CD versus control patients, based on the results of our standardized neurological evaluation. As can be seen on Table 2 , patients with CD were 7.4 times more likely to develop large-fiber neuropathy than controls (p = 0.05), about 7 times more likely than controls to develop any type of neuromuscular condition (p = 0.001) and about 5 times more likely to develop autonomic complaints (p = 0.03). Despite the clear trend for the presence of higher prevalence of other conditions, there was no significant difference, most likely due to small sample (type II error). Table 3 details the OR analysis of the different neurological conditions in UC versus control patients, based on the results of our standardized neurological evaluation. As can be seen on Table 3 , patients with UC were 5 times more likely to develop large-fiber neuropathy than controls (p = 0.03) and about 3 times more likely than controls to develop any type of neuromuscular condition (p = 0.02). Despite the clear trend for the presence of higher prevalence of other conditions, there was no significant difference (most likely due to small sample, type II error) for strokes, hypoacusis and facial paralysis, even when one plots CD and UC together against control patients.
DISCUSSION
A recent Editorial Review has shown that the extra-intestinal manifestations of IBD extend to every corner of the body 16 . However, the magnitude of neurological involvement (both central and peripheral) is still a matter of controversy, due to major differences in the inclusion criteria and methodologies employed by the different studies.
Here, we present the initial results of the prospective study started in 2004 (acronym NEURODII), that was designed to evaluate the neurological complications in IBD patients. Among the initial 121 IBD patients enrolled (51 with CD and 70 with UC), neuromuscular manifestations were 3-7 times more prevalent in IBD patients than controls, especially large-fiber peripheral neuropathies, that were 5-7 times more prevalent in IBD patients than controls. A trend for higher prevalence of several other neurological conditions can be clearly seen on Tables 2 and 3 , but no statistical significance for the other conditions was reached (even when one combines CD and UC patients versus controls), most likely due to the small sample, and the rarity of the events, leading to low power to detect diferences (type II error). Longer follow-up periods and larger sample may address this limitation over the next decade. In addition, as can be seen in Table 1 , patients with CD and UC also had high rates of abnormal metabolic changes, such as transient or isolated high TSH levels (of unclear significance), borderline or high glucose levels during prednisone treatment or B12 changes. This is consistent with the findings from several other studies but also highlights the fact that most of the time the impact of metabolic abnormalities is important for the development of neurological conditions. Unfortunately, control patients did not undergo intense metabolic screening since they did not have neuropathic symptoms and we also do not have accurate rates of the prevalence of metabolic disorders at the state of Ceará, Brazil. However, it seems very clear that the IBD had far more metabolic complications than controls.
Our present results prospectively confirm the fact that peripheral neuropathy is the most consistently reported neurological condition in IBD patients 1, 4, 8, 9, 12, 13, 14 . However, even the subject of peripheral neuropathy in IBD patients has been challenged by a recent retrospective study with important methodological limitations 11 . They have evaluated the medical charts from local residents of the Olmsted county (seen at Mayo Clinic) from 1940 to 2004 to establish the prevalence of peripheral neuropathy. The authors have concluded that neuropathy was uncommon in IBD patients 11 . There are multiple explanations for this discrepancy. Our first conclusion is that the ascertainment of the diagnosis of peripheral neuropathy from charts managed mostly by nonneurologists (gastroenterologists) is not valid, since it is very unlikely that this specific diagnosis will be registered in the chart (except for more obvious and dramatic cases). This is true for several other conditions, e.g. if one conducts chart reviews in patients admitted for the treatment of cirrhosis due to alcoholism, it is very likely that they would find low percentages of the written chart diagnosis of "neuropathy", especially prior to 1990. In fact, in the seventies, despite the widespread use of prolonged doses of metronidazole (known classic cause of neuropathy), gastroenterologists considered that "Neuropathy is not common in IBD and I have only seen a dubious case" 17 . In this paper, the authors also do not report the disease severity or the prevalence of other important conditions such as diabetes mellitus (associated with rates of peripheral neuropathy up to 50%) or nutritional deficiencies. It is still possible that an unrecognized bias, such as outstanding management of nutritional deficiencies and immune status (referral bias) or genetic background could explain those discrepancies. The latter is unlikely since in a prospective study to evaluate neuropathic symptoms in IBD patients, very high percentages of neuropathic symptoms were found even inside the United States 18 . Regarding the central nervous system manifestations, despite a trend for higher prevalence of ischemic strokes, we have not found a higher percentage of strokes or central demyelinating diseases in our CD or UC patients (even when both were plotted against controls). This may be due to our small sample, since previous studies from larger databases have found significantly higher rates of strokes and central demyelinating diseases 4, 5, 7, 16 . However, when we grouped together CD and UC patients, there are 5/121 IBD patients with strokes (0/51 in the control group) and 7/121 with hypoacusis (versus 2/51 in the control group). Also, we have not found cases of multiple sclerosis, although at least 1 of the patients labeled as "ischemic strokes" could have been affected by demyelinating disease, since her disease course Table 2 . Prevalence of different neurological disorders in patients with Crohn's disease (CD, N = 51) and controls (Cont, for gastritis and dyspepsia, N = 50). was not consistent with abrupt onset of stroke symptoms and MRI findings were equivocal. Unfortunately she did not complete a full work-up for demyelinating diseases. These findings may reflect the lower percentage of demyelinating disease in our region and contrast with other studies that have suggested that neurological screening for central demyelinating disease may be warranted in IBD patients 7, 19 . Other authors have found high percentages of abnormal neurological examination and MRI abnormalities on 37% of the IBD patients 20 . On the other hand, peripheral nervous system involvement (either small and large-fiber neuropathy) was very common in our patients, suggesting that early evaluation of subclinical or mild symptoms may be important, especially in populations more prone to nutritional deficiencies due to lower socio-economic status (like ours). Although, some authors have not recommended screening for peripheral neuropathy in IBD patients 19 , they have found significant changes on neurophysiological parameters even in patients with subclinical disease, similar to the findings from our present series and other older studies 13, 21, 22, 23, 24, 25 . Knowledge about the extent of neurological involvement in IBD patients may become even more important with the advent of new different therapeutic strategies to control the IBD course and its different extraintestinal manifestations 26 . There were important therapeutic changes during this cohort study. In this study, few patients were managed with inflixamab or alemtuzumab, and most were treated with azathioprine and prednisone (especially for disease relapses). However, over the last 5 years, those 2 medications were used far more frequently. The final report from our cohort study will also attempt to establish whether the neuropathy course was affected by those therapeutic changes. In a nested case-control within a Brazilian cohort, we have found that patients with IBD are significantly more affected by several neurological conditions (especially peripheral neuropathy and other neuromuscular diseases) than controls. Those conditions are commonly mild, but frequently misdiagnosed 27 . Further studies are necessary to understand the exact nature of several sensory symptoms experienced by IBD patients, that may include the involvement of complex changes on central neuroplasticity and function of small fibers and sensory and autonomic ganglia 23, 28 . Long-term follow-up at the end of the cohort study will also establish whether other conditions (especially central) are also more prevalent in IBD patients.
